SOMMAIRE
SMART APEX CCD (charge-coupled device) detector with a crystal-to-detector distance of 4.5 cm. More than a hemisphere of data was collected using monochromated MoK␣ X-radiation and framewidths of 0.3°i n . The unit-cell dimensions (Table 1) were refined using least-squares techniques. The three-dimensional dataset was reduced and filtered for statistical outliers using the Bruker program SAINT. The data were corrected for Lorentz, polarization and background effects. An empirical absorption-correction was done for the crystal by modeling it as an ellipsoid, which lowered R int from 12.0 to 4.6%. Additional information pertinent to the data collection is given in Table 1 .
Structure solution and refinement
Scattering curves for neutral atoms, together with anomalous-dispersion corrections, were taken from International Tables for X-Ray Crystallography, Vol. IV (Ibers & Hamilton 1974) . The Bruker SHELXTL Version 5 system of programs was used for the determination and refinement of the structure. The structure was solved by direct methods, which gave the positions of the U, Mo and Tl atoms. Oxygen atoms were located in difference-Fourier maps calculated following leastsquares refinement of the partial-structure model. The structure was refined on the basis of F 2 for all 8609 unique data. The final refinement included the positional parameters of all atoms, with an allowance for anisotropic displacement of all atoms except the partially occupied Tl(5) site, and included a weighting scheme of the structure factors. The refinement converged to an agreement index (R1) of 3.9%, which was calculated for the 6255 unique observed reflections (F o > 4F o ). The goodness-of-fit (S) was 1.077. Final positional and displacement parameters of all atoms, and selected interatomic distances are shown in Tables 2 and 3 , respectively. Observed and calculated structure-factors are available from the Depository of Unpublished Data, CISTI, National Research Council, Ottawa, Ontario K1A 0S2, Canada.
RESULTS

Cation polyhedra
There are four symmetrically independent U 6+ cations in the structure, each of which is strongly bonded to two O atoms, forming approximately linear uranyl ions with U-O Ur bond lengths of ~1.8 Å. The uranyl ions are further coordinated by five atoms of O arranged at the equatorial vertices of UrO 5 pentagonal bipyramids. Average U 6+ -O eq (O eq : equatorial O atom) bond lengths are in the range of 2.33 to 2.34 Å.
There are two symmetrically independent Mo 6+ cations in the structure, and each is coordinated by five O atoms (Fig. 1) . Each of the MoO 5 polyhedra has one INTRODUCTION In our previous papers concerning the crystal chemistry of uranyl molybdates (Krivovichev & Burns 2000a , b, 2001a , b, 2002a , b, c, d, 2003a , b, c, Krivovichev et al. 2002a , we have established that structural diversity of uranyl molybdates is controlled by several factors, including the coordination geometry of U and Mo. The most common coordination polyhedra for U and Mo in uranyl molybdates are the UrO 5 pentagonal bipyramid (Ur: uranyl ion, UO 2 2+ ) and the MoO 4 tetrahedron, respectively. The coordination about Mo is more flexible than that about U, and varies from fourfold (tetrahedral) to sixfold (distorted octahedral). In this contribution, we report the crystal structure of 
Collection of X-ray data
A crystal ofTl 2 [(UO 2 ) 2 O(MoO 5 )] was mounted on a Bruker three-circle diffractometer equipped with a relatively short Mo-O bond (1.701 and 1.734 Å for Mo(1) and Mo(2), respectively). The remaining four Mo-O bonds are arranged differently for the two Mo cations. The geometries of each arrangement can be described using bond angles between two opposite Mo-O bonds (Fig. 1) . In the Mo(1)O 5 polyhedron, these two angles are 146.4 and 149.4°, and the Mo(1)O 5 polyhedron may be described as a tetragonal pyramid. In contrast, the corresponding angles in the Mo(2)O 5 polyhedron (note that the short "apical" Mo-O bond is not considered) are 132.9 and 164.4°, which defines a distorted trigonal bipyramidal geometry (an ideal trigonal bipyramid has angles of 120 and 180°). The are four symmetrically independent Tl + cations in the structure. The Tl(1) and Tl(2) atoms are each coordinated by eight atoms of O, whereas the Tl(3) and Tl(4) atoms are each coordinated by six anions. The Tl + -O bond lengths range from 2.72 to 3.26 Å, and the Tl coordination polyhedra are distorted owing to the presence of the 6s 2 lone-electron pairs on the Tl + cations.
However, owing to the relatively low charge of the Tl + cations, the effect of the lone-electron pair is not as pronounced as is typical for Pb 2+ and Bi 3+ cations, for example.
The refined occupancy of the Tl(4) position is 0.886(3), and it has a complementary Tl (5) positioñ 1.05 Å away with an occupancy of 0.134(3). Only one of these sites is occupied locally.
Bond-valence analysis
The bond-valence sums for the atoms in the structures were calculated using parameters given by Burns et al. (1997) for U 6+ -O bonds and by Brown (2002) for Mo 6+ -O bonds. The bond-valence sums for Tl + -O bonds were calculated using new bond-valence parameters (r o = 1.801 Å, b = 0.56 Å) recently derived by Locock & Burns (pers. commun.) . The calculated bondvalence sums for cations are 6. 03, 6.02, 6.03, 5.96, 6.06, 6 .08, 1.04, 0.96, 0.85 and 0.81 valence units for U(1), U(2), U(3), U(4), Mo(1), Mo(2), Tl(1), Tl(2), Tl(3) and Tl(4), respectively. The bond-valence sums for O atoms are in the range of 1.81 to 2.20 valence units.
Structure description
The structure of Tl 2 [(UO 2 ) 2 O(MoO 5 )] contains a dense sheet of composition [(UO 2 ) 2 O(MoO 5 )] that involves UrO 5 pentagonal bipyramids and MoO 5 polyhedra that share edges (Fig. 2a) . Within the sheet, eight allel to [010] . The MoO 5 polyhedra each include one O atom that is not shared within the sheet; these alternate up and down relative to the plane of the sheet. The anion topology of the [(UO 2 ) 2 O(MoO 5 )] sheet, constructed according to the procedure described by Burns et al. (1996) , is shown in Figure 2b . It consists of pentagons, squares and triangles. In the corresponding sheet, each pentagon contains a U atom, four-fifths of The structure is shown projected onto (010) in Figure 3 . The uranyl molybdate sheets are parallel to (1 -01) O (x ≈ 0.4, n ≈ 6), which formed owing to the alteration of spent nuclear fuel during hydrologically unsaturated tests designed to simulate conditions expected in the nuclear waste repository at Yucca Mountain, Nevada (Buck et al. 1997) . Buck et al. suggested 
